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WIND TUNNEL TEST OF THE 0.019 (2A CONFIGURATION)
JET PI/JME SPACE SHUTTLE INTEGRATED VEHICLE
IN THE ARC 9- BY 7-FOOT UNITARY WIND TUNNEL
(L.2B)
By R. B. Hardin, R. R. BurroWs
ABSTRACT
This report presents the results of a wind tunnel test of the NASA/
Rockwell 0.019-scale, 2A Configuration, Space Shuttle Integrated Vehicle
in the Ames 9- by 7-Foot Unitary Wind Tunnel.
The test was conducted at Mach numbers of 1.55 and 2.0 over a Rey-
nolds number range from 3.5 to 4.1 million per foot. Data were obtained
at angles of attack from -8° to +8° at 0° sideslip, and at angles of
sideslip from -8° to +8° at 0° angle of attack.
The basic configuration tested was the 2A Vehicle with the Orbiter
at 0° angle of incidence with respect to the external tank. The other
deviations to the 2A Configuration were the SRM shrouds, which were de-
signed to vehicle "3" lines, and the tank nose, which consisted of the
retro-package being removed and replaced by a 16.5-inch full scale radius
nose.
It is to be noted that the data sets for runs RBV 011 through RBV
021 have been eliminated due to erroneous normal and axial force output.
_' ili
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Ir_RODUCTION
Thls report contains in.eormatlon concerning :Lwind tunnel _,,:_tc,'
the O.019-sca/c Space Shuttle Integrated Vehicle (,;,_tP],Ime, 2A con-
figuration) in the Ames 9- by 7-Foot Unitary ;4|nd qhlnnel. The test be-
gan 23 April 1973 and ended 7 May 1973, _or ,,total of 166 hours. The
test identification number is IAI2B.
Inquiries regarding this test should be directed to:
R. B. Hardin or R. R. Burrows
Rockwell International, Space Division
Maii code AC07
Dept. 390
1221h Lakewood Blvd., Downey, Calif. 902hi
Telephone (213) 922-ih32
L. R. Gulst
NASA/Ames Research Center
Mail stop 227-5
Moffett Field, Calif. 9h935
Telephone (415) 965-6258
The purpose of this test was to obtain (]) six-component force and
moment data for the integrated vehicle, (2) wing pressure distributions,
}
(3) eleven and rudder bending moments, (h) effect of the Jet plumes gen-
erated from the two SRM nozzles and the three orbiter _S nozzles on the
i integrated vehicle force, pressure, and wing dynamic pressure data, (5)
; effect of SR_' and orbiter nozzle gimbal angle, and (6) effect of SRF
shrouds off.
7
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_&r,,/A '
., ,_p-f_d of ."+c+_nd; m/_,.r, _'t/_;,,_+
,?p CP pr,,.':+.ur, , ,'+_,.t'f'J,'t,.r,t: (l i " r),_)/l
,'4 MA_I M',+'h numb,,r: V/_
[, pr+.:+u,;_r,.; N/re' , pzt'
q Q(NSM) dynnmle pres:+urr';L/,'+V', N/m;, p_f
,C )
RN/L _N/L unit ReynoJdz numb-r; p_r m, p++r ft
V v,'loelty: m/zee, ft/sLe
_I ALPHA ',n+;l,.of ,+ttn:k, d,_ree:_"
BETA 9ngl,.*of sldesllp, de6wee:;
PSI ",n_'/(.of y_iw, d_._reez
PHI <:ngle of roll+ degrees
p m:_+'_density: kg/m _'.zlu_g/ft -_
Ref+renee & C.G. Definitions
i
Ab b_se sre_); m,'. ft" l,
b BREF wlnH _p_n or referenee sp_n: m, ft
e.g. center of _rmvity
_REF LREF reference length or wing me:m
_erodyn_Jmic chord; m, ft
S SREF wing aren or reference sres; m , ft
MRP moment reference point
: XMRP moment reference point on X 8xls
: _4RP moment reference point on Y nXis
_MRF moment rt,fur,,neepoint o)_ Z "Ixiz
SUBSCRIPTS
i b b',s,z'
I 1 10cnl
s st_ti, condltlons
! t tot_l conditions
• i:' o_ free stre,_m
I:
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I|O@LI_|CLATLmF.(Contlnu,_.l)
,.7AD.;A,'
S_4BO__._L ,q_LBOL D_IN_.TI ON
CN ON nor_nl-forc,,,o,_,ffi,.'l,,nt;normal forc_qZ
CA CA ,ixi,,l-foreccoeffici_nt: !i×,i_lfor,ca,q_
Cy CY :_ide-forcecoefficient:slae forceq8
CAb CAB ba,Je-forcccoefficient;baseqsforce
CAr CAF forebode,axinl force coefficient,CA - CAb
Cm CLM pitchln6-momentcoefficient;pitching moment
yawlng-moment coefficient;_q mo_...utCn
C_ CBL rolllng-momentcoefficient;roZllng mob-eat' q_b "
Stebillt_-AxlsS_stem
CL CL llft coefficient;-_llft
CD drag coefficient;CD
C-- CDB base-drag coe_Ticient;base dragqs
_ CDf CDF forebody drag coefficient; CD - CDb
Cy CY side-force coefficient; side forceqS
_i Cm CI14 pitchlng-momentcoefficient;pitch, n- moment
Cn CL_ yawlng-momentcoefflclent;_awlna mc_en_qSb
C_ CSL ro_llng-momentcoe_Ticlent;tel!thE mcmen_qSb
_D L/D illS-to-dragratio; C_O D
,, L/I_ L/DF llft tO f=ebodF drag retlo; C_CDf
()
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In additior, to the standard notation, the following are specia£ to this ....
test.
Plot
S_i/mbol Definition
attitude coDtrol propulsion sy_;telnbase ares,
AbAcPS ft2 (total for two)
external tank total base area (cavitF plus
AbEOHT model base), ft2
base area of orbital maneuvering _ystem (minu_
• AboMs projected area of OMS nozzle), ft (total for two)
AbOMSN nozzle exit area of 0_, ft2 (total for two)
AboRB total orb.ter base area Iminus projected exit
area of !,_Snozzles), ft_
SF_ shroud base area (minus projected nozzle
• AbsP_4 exit area), (total for two), ft2
ACEoHT external tank cavity area, ft2
ACoRB orbiter cavity area, ft?
ACsRM SPM cavity area, ft2 (total for two)
ANop2 total exit area of (3) orbiter I_S nozzles,ft2
ANsRM total exit area of (2) SRM nozzles, ft2
b orbiter exposed wing panel semi-span (distance
w from exposed root chord to tip chord.), inches
alevon M.A.C. length, inches
_. e
rudder M.A.C. length, inches3 i _r
CABAL b_lance chord force coefficient (uncorrected)
00000001-TSB01
attitude control manueverlng system base chord
CAbAcPS force coefficient
external tank base chord force coLfflclent
CAbEoHT (basedon_ )EOHT I
Cw external tank base chord force coefficient
AbEoHT (based on ACEoH T)
orbital maneuvering system base chord force
CAboM S coefficient.
orbital manuevering system nozzle base chord
CAb0MSN force coefficient
orbiter base chord force coefficient (based
c%0_ on%OB)
C_ orbiter base chord force coefficient (based
%ORB on )ACoR B
SRM base chord force coefficient (based on
C_%s_ ;%sRM)
C_
A_SRM SRM base chord force coefficient (based on
ACs_)
external tank cavity chord force coefficient
CACEoHT (corrected to base pressure)
C* external tank cavity chord force coefficient
A_OHT (based on ACEoH T and EOHT cavity pressures)
_. CA orbiter cavity chord force coefficient
i CORB (corrected to base pressure)
i orbiter cavity chord force coefficient (based
Ii C_CoRB ACoRB!; on and orbiter cavity pressures)
II
f
_--_ _............. 00000001-TSB02
iCA SR_" cavity chord force coef£[c£ent
CSRM (corrected to base pressure)
C* SP_ cavity chord l'orce c,oef_'[cic:,l (ba,_cd, II
ACsRM ACsRM and SP_M cavity pressures)
orbiter nozzle chord force coei'ficient
CANoR B
C SRM nozzle chord force coefficient
_Sl_,i
CAf ascent vehicle forebody chord force coeflficienl
CAT ascent vehicle total chord force coefficient
CB_ ascent vehicle rolling moment coefficient
CH CHEI elevon hinge moment coefficient (Subscript
e( ) CKEO denotes inboard or outboard)
CH CHR rudder hinge moment coefficient
r
C ascent vehicle forebody pitching coefficient
mf
C ascent vehicle total pitching moment coefficient
mt
C balance pitching moment coefficient
_ ascent vehicle normal force coefficient
c= Wing, base, cavity, and upper MPS nozzle
_( ) pressure coefficient
Cy ascent vehicle side force coefficient
Cy ascent vehicle yawing moment coefficient
n
mean aercdynsmic chord of exposed wing pane](based on SW), inches
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ii ; ......
.... GPI upper orbiter nozzle; degrees of pitch that the
i engine is gimballed from null
'i GP2 lower left orbiter nozzle; ,_egrees of pitch that
the engine is gimballed from null
i-i GP3 lower right orbiter nozzle ; degrees of pitch that
the engine is gimballed from null.
'i
•_" GP_ lef_ SRM nozzle; degrees of pitch that the nozzle
i_l is gimballed from null.
,_ GP5 right SRM nozzle; degrees of pitch that the nozzle
!_,_ is gimballed from null--_
:;_i GY2 lower left orbiter nozzle; degrees of yaw that
i. the engine is gimballed from null.
,: GY3 lower right orbiter nozzle; degrees of yaw that
the -=ngine is gimballed from null.
GIMBAL 1: GY2=3.5 °, GY3=-3.5 °
2: GPI=GP2=GP3=ll°; CP4=GP5=5 o
G_ gimbal pitch angle of nozzle from null position
:( ) (denoted by subscript), degrees
G_ zimbal yaw angle of nozzle from null position
A( ) _deroted by subscript, degreesf
i incidence angle of orbiter reference plane
with respect to EOHT reference plane, degrees
K elevon hinge moment gage calibration factor
;_ e( ) (subscript denotes inboard or outboard) in_
-ib/ct
_ K ratio of Measured to Theoretical Exit Pressure
i_ rpe Pe meas/Petru e
i
li K rudder hinge moment gage calibration factor,
_ r in.-ibs/ct
li
:i_, Kij wing gage calibration factor, in.-ib/ct where
iI!!!'i_ degreei--gagecallbratlonnUmberand J=curveOrderfitof Kin the second
i _ rolling moment balance output, in.-ibs
';_ 13
i'I
Y;
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_REF Iong[l_udinal PeP¢,t'elle,.' l.ot_t',th, ] n¢'h,u_ " [,
M., tlmnel free::t,r,,ran M:teh tn_nber
In' t,levun hinge moment gat;e outpul,, raw dal,:t
r:( ) counts where sub_,c-lpt denotez inbor,.l'd_,r
outboard panel
m' rudder hinge moment gage output, raw dttta eount:_
r
MRP(XT,YT,ZT) moment reference point in X,Y,Z coordinates, inches
OPR orbiter nozzle pressure ratio,.._Pe/P t
nozzle exit static pressure (denoted by a
Pc( ) subscript), psla
P( ) model pressure, psfa
Po tunnel static pressure, psfa
PT tunnel total pres,_are, psfa
POWER on: (I) indicates air pressure bein6 supplied to plenums
off: (0) Indleates no :zip pressure being supplied to
plenums
q tunnel freestream dynamic pressure, psf
RI, 2 thermocouple calibration factor, °R/ct; ] is
orbiter, 2 [_: SRM
ratio of plenum total pressure to PT, _' noted
RPc( ) by a subscript
RPe( ratlo of nozzle exit static pressure to P ,) denoted by a subscript
RN tunnel Reynolds number, per foot
Se elevon area (total one side) ft_
Sr rudder area, ft2 i
J
SRMPI_ SRM nozzle pressure ratio, Pe/Pt
: lh
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• S area of one exposed wing panel (includes glove
w area), ft2
SREF reference area, ft2
TO tunnel freestream static temperature, °R
": O RTT tunnel total temperature,
+" WFi model pressure weighting factor, either 0 or 1
J _
: XCP model station for center of pressure (XT),
inches
:: ! XW model station of exposed wing panel center of
+,+ :' pressure location (XT) , inches
Xo orbiter longitudinal station, iP .hes
XHL orbiter station of exposed wing torsional
axis, inches
,' XT EOHT longitudinal stati'on_ inches
"_ + Y orbiter spanwlse station, inches
: 0
YROOT orbiter spanwise station of exposed wing root
chord, inches
YT EOHT spanwise station, inches
ii YW orbiter sp_mw]se station r_fcxpo'_e4 wing pane]
i! center of pressure location, inches
!i ZbAcPS vertical distance From centroid of ACPS base!', area to MRP (positive above _G_P), inches
+
_ vertical distance from centroid of EOHT base
_:_ ZbEOHT area to MRP (Im_sitive _P),I inches
!
• vertical distance from centroid of O_'Sbase
....iI Zb0Ms area to MRP (positive above MRP), inches
_" I_ " vertical distance from ccntroid of 0,_ nozzle
' ZboMsN19" ii base area to to _[RP (positive above _rRP), inches
++
• Ii ZboRB vertical distance from centroid of ORB bane
+ _ area to MRP (positive above _._P), inches
• ii
'+ !: 15
I'
I
v
I:
fj i
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Z_ vertical distance from centroid of DIeMbase
USRM area to MRP (positive above N_P), inche:: + _
ZOEOHT vertical dista_ce l'romt.(.ntroi,iel'I.:OitTc_tvity
area to MRP (Positive above MI(I'),inch_,s
ZCoRB vertical distance from centroJd of o_'bitor cavity
area to MRP (positive above MRP), inches
ZCSRM vertical distance from centroid of SRM cavity
area to MRP (positive e.boveMRP), inches
ZNORB vertical distance from centroid of orbiter
no'-zle exit area to MRP (positive above MRP), +
inches
:i
ZNsRM vertical distance from centroid of SRM nozzle !
exit area to MRP (positive above MRP), inches _I
.I
_ AILRON aileron deflection defined as (6eL - _eR)/2,
degrees
8e ELEVO_ eleven deflection defined as (6eL + 8eR)/2,degrees
6r RUDDER rudder deflection, degrees
ALPHA ascent vehicle angle of atUack, degrees
8 BETA ascent vehicle angle of sideslip, degrees
A_r DR incremental rut_der deflection, difCerence between
two runs, degrees
n I,_'A spanwise location, p+,rcent s(_,mi-+qp:.tn
CAi.= O CAFAI,Y) forebody _xial force coel'ficlcnt,at, zero angleof attack
CA_m_ 0 CABAFO base axial force coefficient at zero angle ofattack
Cm_ CLMALF pitching moment coefficient derivative with
alpha, _Cm/__
Cmo=o CLMAFO pitching moment coefficlent at zero angle of
attack
16
.......... 00000001-TSB07
CN CNALFA normal force coefficient derivative with alpha,
_CN/__
CN_=o CNAFO normal force coefficient at zero angle of attack
XAC/L longitudinal aerodynamic center, percent of body
length
CYBETA side force derivative with beta, BCy/_8, per degree
CBLBET rolling moment coefficient derivative with beta,
BC£/_8, per degree
CYNBET yawing moment coefficient derivative with beta,
_Cn/_8, per degree (body axis)
XYAC/L lateral aerodynamic center, percent of body length
DCAFDR forebody axial force due to rudder, difference
between forebody axial force coefficient of two
runs divided by their corresponding difference
in rudder deflection, per degree
DCN/DR normal force due to rudder, difference between
normal force coefficient of two runs divided
by their correspondlng difference in rudder
deflection, per degree
DCLMDR pitching moment due to rudder, difference between
pitching moment coefficient of two runs divided
by their corresponding difference in rudder
deflection, per degree
DCY/DR s_de force due to rudder, difference between
pltchi_ moment coeflficient oF hwo runs divided
by their corresponding difference in rudder
deflection, per degree
DCBLDR rolling moment due to rudder, difference between
rolling moment coefficient of two runs div_4ed
by their corresponding difference in rudder
deflection, per degree
DCYNDR yawing moment due to rudder, difference between
the yawing moment coefficient of two runs divided by
their correspondin_ difference ir_rudder deflection,
per degree
77
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X/C chordwlso location I"
Pc/PT_ ratio Of" nozzle chtanber pre:;surL. L_, l'rt+,.::t._'t.tml
tunnel total pressure
Pe/PT rat._oof nozzle exit,pressure _o freet]trem.
-ore
tunnel total pressure
Subscripts
a aileron
ACPS attitude control propulsion system
c nozzle chamber
e elevon
EOHT external oxygen hydrogen tank
I inboard
L left
O outboard
OMS orbital maneuvering system
OMSN orbital maneuvering system nozzle
ORB orbiter
r rudder
R right
SRM solid rocket motor
T total
W wing
I top MPS nozzle
2 left MPS nozzle
3 right MPS nozzle
4 left SRMnozzle
5 right SRM nozzle I i
18
. +_ + . +
+ . . "_
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} CONFIGURATIONS iNVESTIGATED
The mod,_l tesl,,d wn:" an ().O19-scal_, ropre:u_ntnl,Jo_i ,)I'th,, Sl_:U,c
Shuttle Integrated Vehlv[(,. The model },as tile cap'LbIl ily oi' simulat|IW,
the Jet plumes generated from the SRM and Orbiter MPS nozzles by plumb-
ing cold high pressure air to the model nozzles.
The Orbiter fuselage is constructed of aluminum and Armco steel.
The Orbiter is rigidly attached to the EOHT. The Orbiter MPS nozzles
are attached to the nol_-metric air supply system which runs through the
sting support.
The Orbiter MPS nozzles are constructed of Armco steel. There are
two (2) sets of nozzles. One set has the capability of being set at
various gimba] angle positions. The nozzles _n the other set are at fixed
gimbal positions will, the upper MPS nozzle instrumented with twelve (]2)
exterior static pressure taps. Both sets have the same internal nozzle
lines and are used for all Mach numbers. The gimbaling nDzzle limits are
+_.ii° pitch and +--9° yaw from null positions, i
The EOHT is constructed of aluminum and sting mounted on an internal i
balance. 'I
The SRM's are constructed of al_uninum and rigidly attached to the
EOHT. The nozzles of the SRM's are attached to the non-metric air supply
system which runs through the sting support. The g_mbal limits on SRM
nozzles are _5 ° pitch and +5 ° yaw frc,m the null position.
i
The Orbiter wing Is constructed of Armco steel with the right panel
i being instrumented with forty (h0) static pressure taps and the left
t
_! I 19i
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I"
pane[ beln_, Instrtunonted with a two-l'l,_xur,-, t,hr_,,:-,,,)mp,_r.,rltb,'l_,iir_:: [,
moment balance. (The balance waz inopor:Ltiw, dur'irw: thi_ i,.zt.)
The elevens are constructed of Armeo zt,o,:,]und are i'ix¢,,{:Li,:_ z,,,',,
deflection position. The elevens on tile left htu_d win(: p:_n(,l"Lre .in-
strumented with hinge moment strain gages.
The vertical tall is constructed of Armeo steel and l*igi¢ily t_tt,"i,'hes
to the Orbiter.
:_ The rudder is constructed of Armco steel and is attached to the
vertical tail through strain gage instrumented member_ which are used
for measuring rudder hinge moments. The r,_der deflections are +I0 ° from
the 0° position.
Off-blooMs were made for removable model parts.
-l:
i/I
: 20 Ji
.!i
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{ Conf{guration Nomenclature
Compon'ont Doflni t!o,,
B-]0 Body
C-5 ' Canopy
D-7 Manipulator Housing
F-4 Body Flap
M-3 OMS Pods
N-8 OMS Nozzles
N-9 Orbiter Nozzles
N-II SRM Nozzles (baseline) M_ = 1.55 & 2.0
V-5 Vertical Tall
R-5 Rudder
W-87 Wing
E-18 Elevon
X-8 Transition Strip
S-8 SRM (baseline)
_-9 SRM (shrouds off )
i: T-IO EOHT
i!
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Conf.lguratlons Tent,-,J I._
:i
Con:'_guratlon l,,._:crlpt i _,n
Ol T1 "I Btr) t,, I)7 l'h r,_._I'|_,
N9 NIIV 5 R,_W-.8(E1,
X8 S8 Tlo
01 T1 So BIO C5 D7 Fh M3 N8 f
_{q NIIV5 R5 W87EI8
X8 s9 TlO
The orbiter had three MPS nozzles whose individual gimbal points each
define the origin of three separate reference systems. 'l_ese reference
systems are shown in figure ] (b). Positive indications or"_imbal pitch
and gimba], yaw are shown.
Figure i (c) is an enlarged view of one of these referencr, systems.
All three planes shown are at right angles to one another. The dashed
lines are projections of the nozzle centerllne onto the pitch and yaw
planes of the reference system. (a) ]s the angle of pitch, eitLer up or
down; (_.)is the angle of yaw, either right or left.
Each nozzle is physically set to a gimbal angle of pitch and/or yaw
by an apparatus which measures (¢), some radial direction in the base
plane and (y), the angle from that radial to the nozzle centerline. _,e
¢ sector is determined by (a) and (@):
270° to 360° o° to +90 ° 0° to +90 °
! 180 ° to 270° 0° to -90° 0° to +90 °
:._f : 90° to 180° 0° to -90 ° 0° to -90°
, 0° to 90° O° to +90 ° 0° to -90°
t
22 li
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All test programs for this model use the _ymbol GI,,to d,mote the
anglo that the cente_'llne of th(_ nozz](_ l_ plteh,__d(up ,,rd,,wn), _,nd(;y,
as the angle that Lho eenterIIno o£ Lhq_ n,,:'zl_,[.Iy:Lwed (ri#,ht or ]_.t't.).
Up aad left are both in the poaltive dlreetlon (when Io(_kint;£orw_u'd).
Since all angles are defined from the nozzle null position, the
relationships are as follows:
(l) Gp =_-_nun
(2) Oy = _ - _nu11
where anul I is the angle that the nozzle centerline is pitched from the ]4
reference system axis to null position, and Snull is the angle that the
I
nozzle centerline is yawed from the reference system axis to null position
(figure l(c)).
The _null and _null are specified for each MPS nozzle in the dimen-
sional data for N9 sad NI0. It should be noted here, that a side view
of the orbiter shows that the nozzle base plate is rotated 13° from
vertical (figure l(b)). Therefore, the three independent nozzle reference
!_ systems for nozzle pitch differ from the orbiter's XO, YO, ZO reference
.:!: system, by a 13° rotation angle £rom vertical.
i
,: The following equations were used to convert nozzle gimbal angles,
h
i! _ and @, to # and y, the two angles that the fixture uses to duplicate
ii the given angles:
I', (i) tan ¢ = " tan
_! tan
Ii (2) tan y = sin _ + costan m - tscn
:,H
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Also. 8 = 90° - _ for the following fixture settings:
TOP NOZZLE:
AERO SETTING FIXTURE SIal'TIN,3
¢ e
Null & Firing Gy = Gp = 0 0° +3°
Gp = +ii 0c +lh°
Gp = -ii 180° 80
C"c= +9 2880 9"5°
Gy = -9 71"7° 9"50
Gp = +Ii, Gy = -9 32.5° 16.5°
BOTTOM LEFT NOZZLE:
Firinc (R3.5) Gy = -3.5 180° 3°
. Gp = +ii 336.5 ° 8-7°
Gp = -ii 193.6° lh.h°
• Gy = +9 256.70 12"8"
" Gy = -9 118.3 ° 6.2°
Gp = +ii, Gy = -9 34.h2 ° 9.7 °
- Null Gp = 0 = Gy 229.h ° h.6 °
L:.,_
?:
_' 214 I '
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BOTTOM RIGHT NOZZLE:
AERO SETTING FIXTURE SJ,,_rT[NG
,Firing (L3.5) Gy = +3.5 180° 3°
Gp = +ii 23.5° 8.7°
Gp =-ii 166.2 °..............lh h°
Gy = +9 2hi.8 ° 6.2°
Gy = -9 103.3 ° 12.8°
Gp = +11,Gy = -9 57.7° 14.7°
_uzz %: O:G x 13O.6° _.6°
i
l
I 25
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TEST FACILITY '_
The tests were conducted Jn the Ames ()- by 7-F_,>) :_up,,)'_oz_ie Wi21_i
Tunnel. This tunne] is a variable den'._lty,eont%nuous I'1ow t,yl_ewith
em adjustable noz_le to permit supersonic teL_tlng ow,r a _ach n)_nbcr
range continuously variable from 1.5 to ".5. The nozz,le is of the
asymmetric, slldlng-block tyge in which the variation of the test sec-
tion Math number is achieved by translating, in the streamw_se d_rect[on)
the flxed-eontour block that rerunsthe floor of the nozzle.
,°.6 li
i:
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TESTING AND PROCEDURE
A slx-eomponent 2.5 inch Task MK XI-A internal balance was mounted
in the EOHT and measured the total forces on the integrated vehicle.
Model fouling strips were mounted around the sting at the base of
the EOHT, and around the orbiter and BSRM plenums.
The pressure instrumentation for the Integrated Vehicle is itemized
below for each component. The pressures marked with an asterick (*)
were measured by model mounted scanivalves, and the remaining pressures
were measured on individual transducers outside of the model.
Orbiter Pressures:
*(4) Orbiter base statics
(3) MPS engine totals
(3) MPS internal nozzle statics
*(2) MPS nozzle cavity statics
*(I) OMS nozzle base
*(i) OMS base
w(1) ACPS base
EOHT Pressures:
*(2) EOHT base statics
*(2) Balance chamber statics
BS_4 Pressures:
i *(2) BS_4 nozzle cavity statics
(2) BSRM internal nozzle statics
i (2) BSRM nozzle totals
*(4) BSRM internal shroud statics
i W ln_ Pan.#l Pressures (Righthand Panel):
! *(_3 ) Static pressure taps on top of panel
*(17) Static pressure taps on bottom of panel
- (6) Dynamic pressures on top of panel
-" (2) Dynamic pressures on bottom of panel
(2) Dynamic pressures on the side of fuselage
I 27
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Hinge .Moment Measurement
The left hand wing panel is attached to the Orbiter by means of two
(2) strain gaged tangs. Bending moment measurements were not good.
The elevons on the left hand wing panel were strain gage instrumented
for measuring hinge moments about the elevon hinge line. There are two
(2) eleven panels per wing panel with the two (2) elevon panels of the
left wing being inde@endently instrumented. The hlngellne is at Orbiter
station Xo = 1387 in. full scale or Xo = 26.35 in. model scale.
The rudder was strain gage instrumented to measure the bending
moment about the rudder hinge llne. (Rudder hingellne is on the 60 per-
cent element llne. )
The integrated vehicle _le-ef-attaek was measured-by a pendulum
type angle transducer. The angle transducer was mounted in the nose of
the E0_.
Jet Plume Simulation
The Ames Unitary ."h/nnelhigh pressure air supply was utilized for
cold Jet plume simulation of the Jet plumes emanating from the Orbiter
MPS and the BSRM nozzles.
The Orbiter MPS and the 8RM nozzles were each on an independent
air supply system which allows for separate throttling of each system
of nozzles.
Plume shapes for various Mach n_mber/nozzle combinations were pro-
duced by setting specific values of either PC/PT= or Pe/PT . Nominal
settings for plume shapes are outlined in table 3 for Orbiter nozzle and
BSRM nozzle.
28
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DATA REDUCTION
Aerodynamic forces and moments were reduced in the body-axis system.
Cavity and base-pressure measurements were used to make adjustments to
the force and moment data. The following equations were used for these
adjustments.
Ascent vehicle total chord force coefficient (CAT):
CAz CA_ + C_ORB+ +C_ +.... " CAcEo_ ..s_ CAN0_CANs_
where:
CACOR B *'- CACoR B + CAboRI_ i
m #t* +
CAC_oItT - CACEoItT CAbEottT
_t _t
CAcs_" - CACs_, + CAbs_
- I01 CPi i
CACORB _ - 101 WF£ i
,i
204 {ACoR__* Ili, ,,, 201 CPi4,b ,i
Ei = 201 WF_..
I
. Ei =304303CPi/.ACI_,OIIT_,
" " 3()4 WF, \ SI_F /CACEo"T Ei- 303
_9
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=._Oto__,_/_c_
o,o-.--_t_)
_ _i m 103 _ _ /
. :O:oi .
C^bs_ _i- 4oi
404 cpi[A.s_ l_i = 401 _
CANsRM " '404WFi V P_F / iT'i ,,._01
Ascent vehicle total pitching moment coefficient (C)k_):
. I_co_4.i_co4
c_ - c_AL.:£ACo_B[_RZ_]+ CAbOR_[_RZFJ
[Z_o____1 * [ZCzo,,Tl+* [ZcEol,Z1
+CA"oRB[_RZFJ-C_ZO_*Z[_RZ_I C_b_ouZ[_R_':_
, [ZcsRMl• Izcs_Ml+ [_I
- CACsmI L@'REF J CAbsRH
Substitutlng:
+ + + [ £REF
c_-%^L CAco_k_z_a CA.oz_[ .FJ C_c_o_z
+ C^csz_[_zzzI c.'..sm,[_ i
3O
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Forebody choz_ force coeff£cAent (OAf):
CAr - CAT - CAboRB - CAbEOIIT - CAbsRM
- CAboMs - CAboMs N - CAbAcp S
whi_e: ..............
_bo_"",:, _.O_o_ ,,'iL_ .1
Zi - 301 .
" - 302 WFI[S_ JCAbEot_T _i " 301
404 Cpi IAbsRM 1Zi = 401
" - "4o4 .F_[Sa_FJCA_sR_1 Z£ = 401
AboMs ]
CAroMs=-CPlo_ SRZz ]
[%ACPS1
CAbAcP S = -(CPb05) [ SREF ]
' 31
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Ascent veh£¢le forebody p£tching moment (C)ff): _,1_
[ZboRB]' [ZbEoliT]
% " % - cAboR_L RE_J - C^bEo._[ ']
[Zbs_] [:"bo_,,s]
- L, -fTJ
[Zbo_,sN" "ZbAcPS"
- CAbo_s_[_.ZEF"CAbAcPS_=_"
Wing, base, caVlty, and upper _S nozzle pressure coef_ic£ent (Cpi):
Zlevon h£nge moment (tile):
m_I KeI
Cllei = q Se Ce (Inboard)
me° 'Ze° (outboard)CHeo m q Se Ce
C_eT = CHei Clteo
where"
m t " raw cts
K- ca1£brat;:l.onfactor(in.-Ib/¢t )
Rudder hinge moment (CHr)"
' Krm r
C"r"? Sr_r
32
00000001-T8C09
o_ ° "- -
Jet Plume Parameters (RPc(),-_Pe( .)):
RPC( ) 144 _= PT ..
ii
I!
i
I.
i
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A0.01026 I.t2
_bEo_T _72.56 fC2
0.2067 _t2
A'bOMS 16.973 _2
0.00613 ft2
AbO_S_ 25.631 _%2
0.00925 ft2
AbORB 226.75 ft2
0.08Z86 ft2
_s_ 383.9kft2
O. 1386 ft2
ACEoHT 366.5 ft2
0.132 ft2
ACoRB-- 3O2.40 ft2
0.1092 ft2
AuSRM-- 181.378 ft2
0.0654 ft2
_oRB akz.4kft2
O. 0511 ft 2
ANSRM 347.36 f%2
b 0.1254 ft 2
w 363.341 in.
C
6.903 in.
e 90.7 in.
°14._ i_. 1.723 in.
513._Th in. _n.
i.414
5_ (_os>_-26.2o_ 9.756_.
mv (neg> : 26.39
mv
/
3_
i:
Reference Dlmens.ion.;and Con_t,_t_ (Co.tlnu, d)
FuI, I Ccale H,,,I,,l :;,_,tLlt,
Keo (pos) = 27.03 in-ib-v__ (nog) _ _._'t,.-,,..h°in-lb-vmv mv
Kr (ORB)= 1.060 (SR_)= 1.07n
pe
in-lb-v (neg) a 20.885 in-]b-vKr (poe)= 20.800 mv my
_REF 1328.0 in. 25.232 in.
MRP(x T, YT,ZT) (953,0.0, 400) in. (18.11,0.0, 7.60) in.
Se 210.0 ft2 per wing panel 0.0758 ft2
106.38 ft2 0.0384 ft2
r
SW 1006.5 ft2 0.363 ft2
SREF 2690.0 ft2 0.971 ft2
0.5289 in.X
w
: XHL 1150.79 in. 21.865 in.
Yw 0.1586 in.
YROOT ]05.0 in. i.995 in.
! ZbAcP s h02.987 in. 7.656 in.
ZbEOHT 0.0 0•0
_OMS h15.505 in. 7.895 in.
437.94 in. 8.321 in.
I_ ZbOMSN
I.
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Reference Dimensions ana Constants (Conclude,J) I
_'L[I],,ea].¢ Model Sea],.,
ZboRB 310.O In ',._t in.
Zb_;RB O.0 O.O
ZcEOHT O.0 (_.O
ZCORB 349.66 _.61, _u.
ZCsRM 0.0 0.0
ZNORB 335.0 in. 6.36 in,
ZNSRM 0.0 0.0
Component Hinge Moment Data
The left hand wing panel wa_ instrumented with a single-flexure
three component moment balance. This balance was temperature compensated
and gave accurate measurements at all tunnel temperatures.
The two elevens of the left hand wing panel and the rudder were each
instrumented with single component moment balances. These balances were
not temperature compensated and experienced large zero shifts during the
test. During any specific pitch or yaw run the zero shifts were negligible.
However, during a series of pitch and yaw runs the zero shifts happened at
a point that cannot be determined. The sensitivity did not change. The
tabulated data for these components (CHe(I), Ctte(o) _ CItR) are presented
and should be used only for obtaining slopes of these measurements vs.
or 8 and should not be used for defining magnitude of the moment load.
_ 36
O000000]-TSC] 3
TABLE ].
ju , ,
TEST' .Re97-no J DATE=2 .PRT
I TESTCONDITIONS
I |l m J i
REYNOLD'_NUMBER DYNAMICPRESSURE STAGNATIONTEMPERATURE
MACHNUMBER (peeun,!I_gth) (pounds'sq.inch) (deFeesFohrenheil)
= i i
i i __ ----, ii ii
..... Z" _ ;3.96X ZO6 900 , )._1).
z.55 J..z x 'zo6 953 z_6i J
2.0 3.5 X lOb 750 ll?
2.0 3.6 X)o6....... coo ].2o
m J J
, . , | =
= , , ... . .
= J
H ...... r • i,|,
f i.
i i u =..
i| i i
i J i
i i ii
I
BALANCEUTILIZED: 2.5 Lnch disinter TASK HK XIiJ i m i u i |l i
COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:
NF ,ZT,OO_b=.... -+._
SF . 700 ib= ,
AF i000 ibs ' , _
PM 7_.5 :L_. ,3.bs _ , .
RM 2000 in lb=
_r
' 2_50
" YM :In lb=• I _ ii i
: COMMENTS:
l i I III II II I I • I r
|. :
UUUUUUU/ /oL//"t
tY
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00000001-TSD02
........ w-
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TABLE4
ii MODEL.,DIMENSZONALDAT
' MODELCOMPONENT:. SlO- nod_, .....,-. __r i i i
i ' '
i . GENERALOESCRIPTION: Fuselag,o, 2A conft/_ration, kLrhtwelp%ht Oro_ter p.:rt, , ....t
i ; i_OekWellLines VLTO-(XX)089"B".
I1
- 2 2__ - -- - 2 ,i, .
I Scale Model _ 0.019i | • i, i ....
• " VL70-OOOOS9"8"
i VL70-000092, 93, 9/, "A"
i DRAWINGNUMBER: S__A.O0_2, '
_ J
;; ! OXM.EN$|ON$: .FULL-SCALE RODEL';CALE
" I i
, Length_ :Ln. 13_.8.'._ ;_5.23_
Max. Wtdth,_- in. (_Xo = 1528.3) 26';.0 5.u3:.
-t. i ,. . .i
' " Max. Dep.th-,--in. (("aXe= 1&80._,52) ..2&R.o &.71;
• . !
" FinenessRatto 5.o12 5.01:'
Area _- Ft.2
Ma_.CrosS-Secttonal z,56.& O.161,Ri
Planfom - -i | .
Wetted - -
l i I n II
8,_$e.......................................... -
ql, •
_.i _-
i
•]"
Q
:i
t
n
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TABLE4. MODELDIMENSIONALDATA(Continued) ,
fl i
HODELCOt4PONENT: _ c._ Orbiter C&n(,py. _ . . . . .. .
6ENERALDESCRIPTION: _b:;t,,e_ ¢_nOl_, l'or I,tr,ht _rei_ht, __Orbit("r,Cot,fL,,,_rat ;, n !
• }_odelScaio "_O.UI9
• 1
DRAWlNG,,,NUHBER: VI_-TC)_X_)092• ,, | nl
OI.X,ENSION.$: FULL-SCALE .OPELSCALE
STA. ,s',/O.S_Ikhead,"In $91.O 7./_27
STA. T.E., in 5_<),O . ,iO.6Ao• i • l
Canop.V/PX)dy ln_e.-s-_ct,ion, I_I _91 .O . . 7.&29
#-
• o
• i
i
l
!
• i
L
8
i
I
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TABLE4. (Continued)
8 HODELDIHENSIONALDATA
MOI)ELCOI_ONENT: _ IT/ ,- Hantpulator Housin/, ........
GENERALDESCRIPT_N: . 2A ConJ_£Kur&t;ton ,per Ro_k_mll. _Lnes V_.?o-_.()91 .....
t
I I I I I II I I
" Scale Mode] = 0.019
i i i i • i J i L i i i - i •
ORAWING,NUHBER: VL70_:X_O09:3;6S-A-O0092i i ii i ql
OIM[NSIONS,: ,FU,LL-SCAL[ MODEL $CALf
|6
qt
t
_5
' • t
J _L J_
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TABLE4. MODELDItIENSIONALDATA(Continued)
..;
NODELCOMPONENT: F,-, eo,tv l.'lac_ .... ' ...... , "
!
GENERAL-DESCRIPTION:Aft,Bob' Flap Unod on Light Wei.B.h.L.,Orbtt,,_r t;(,nl't_.'_.2t,)om
f
nl •
Model Sc.'z.le= 0..019_ I I I I I • I .i ii i .Lw _, Ji . i
DRAWING NUMBER: VT,-70-O00091,"A", S_-A--O009;.
DI.HENSI O._,'S: [ULL.-SCALE MODEL SCALE
Length, in _h.'/O ;. 60c.
Hax. Width, in _
Max. Depth - _ - ,.,
Fineness Ratto - -L • II I I II _.
Area, _2
• Hax.. Cross-Sectional - -i n .
Planfom 1;,_. 6_ o.o_i_9I
Wetted - ........- _
B.e 38.6'_.... 0.01395 ,
t
!
i
1
L
i
t
' i
o t
' ' O !
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TABLE4. MODELDIHENSI_AL DATA(Continued)
I
HOOELCOMPONENT:M._,-m_ PoD...... i i i g i iii
; aI[NEPALDESCRIPTION: 2_ Ueht._eLp_t Orbiter Oonri_uration .er Ro,-.kwell Ltne.
t
, _w?o,-qooo?_,,A. I • I I I I I i i
I I I I I i
Scale Model = 0.019
i II I II I I iii
i
OIi_ING I_JHBER: VL?O-dO(X)%"A"; SS-A-O(092I III
OIHEN$IONS: FULL-SCALE MODELSCALE
Length _- in. i_ }46.o ¢. 6?,,
Max. ;ltdth-_in; _ Xo 1_50.u . lo8.0 . 2.o_2
Max. Depth'_Ln. _ Xo 1500.0 113.,_ ,
Ftnenee.s Rat|o , - -i lU u
Area !
,i
-- !
• Max,. Cross-Sect1 onal -
•
- 1
Planfom - ,1 , '!
• !
Wetted - . -
• i
i_ of OH,5POD
70 '= _6.3.9 INF3: WPAUO+ 6:3.9 =' _63.9 INF8
Yo :"30.0 INFS
Len_h: X_ 121_.0 to xo 1560.o = 3_6.o INFS
i
,, t
r 1
(
!: •
• 1,7
*
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eTABLE 4, MODELDIMENSIONALDATA (Continued)
t
MODRLCOWONEWr: N_ - OH$ Nozzle
I | I I __ . _L _ i _ __
OBNBRAL DlUiCRIPTIONs Basic _0148.Nozele ,or' th e 2A Cont'l_u.at, ton j_or Rockw,,]_l ....
__ i I ....
.... L J[ • ]I I J I __ J jllll, I ill LI'L--__ __ :_ •_ _ __ _ u_m_WMllll_ I L :
- I J -- Lie I I I
o
DP.AWINGNO. VLTO-O0_I-06. VLTO-C(X)O89"B"_ 86-A00092
D_ IRONS FUU.-SCALB MODEl.SCA/£
MAOI NO.
_ .
OI_eTeRoex- ZN 59.00 _o.950....
DIAMETEROT ._ IN NIA
_" DI/_M DIN .- IN 28.00 O. 532
ON_.DEGREP-'S N/A- - N/A ..... 0
AREA_ I_2
MAXcmss-secrlomu, _ p.o0.9:,,_
GIMBALORIGIN Xo Ye, Z.o
.... J [ _ t
Lef_ HOZZLE -. IN 1518 -88.0 _92
Right NOZT.LB" IN 1518 +88.0 /.,.92
- _ i u i
I'WLL POSITION PITCH YAW
I J i i J _ j
Lef_ NOZZLB *v Deg. .....
• .15°47 ' -12o17
Right NOZZLB,,'_,--DeS. _ +12o17,
_,: Intersection Of' Nozzle
_" Exit Plane and Fozzle '
_' _emterline" _ I1_
_i , , Xo- ._157_.7 . ,:9._.4 _
• _'o = z 99.a5 -+ 1.886
,%= .... 9.se,...... O I
k8
'
1
. I
,jr
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TABLE4. MODELDIMENSIONALDATA(Continued)
MODELCOMPONI]NT:. .Nl'l i_lg4 Nozzles
........ I:
GENERAl,DESCRIPTION: , _8RMNoSslem uoed for' Cold Jet, Flume SJ._slat, J.on at, Moo ,-
.......... .I
1. q5 and 2.Or _ A/Ao m 11.0
_ L _ ± II l _ J _ _ _ II • _
Used"wl.th S_ (Baseline)
__ I J J J _ L L I . I _ _ IL •
D_Z.G.o. SS-A-OO09_iSS-A-O0Og_
nzmmszoxs euu.-sc_ .... MODEL.SCALe
_mNO. 1.55. 2.9
DZ_MeTeXDSX~ zN (xt = 47.196" i¢.s.) 17_.oo 3.3_
ouoermxin"~ zx (z_ - _3.eo.x.s.) 53.zo 1.ocx)9
: Dz,_m'meom ~ m 69.32; 1._z7 __
MAX CilOSS-SECTIONAL(Exit perf Nozzle) _ 0.0610
GXm_ ORZGIN Zt y,,
_ il J_Lill .... 2: _ i,+
Loft. NOZT.J,1B~ IN (F.S., M.S.) 2281r /_.3._9 2__3, -_.6!7 ,;_a, 7.600_
_Lgh¢NOZZLe~IN (P.S., M.S.) 2281,_;p39 +_:)t +_.617400;7.6CC
NUll, POSITION i PITCH YAWIII II I
/._ NOZZLB 0° 0 °
NOZZLE ' O° O°
i •
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vTABLE4. HODELDIMENSIONALDATA(Continued)
I NODELCORPONENT:VERTICAL, V5 (Unht k_. Orbiter Conrim_r_ton)
GENERALDESCRIPTIONs.... Centerltno Vex-Lte_:l'Tail. Double WedI-L.ALrl?otl _riLh. ,
I_unded l,ead_pn F,4no ,, -..I , f
i I J I I I I I I i •
_odel _rale.= .0._0!9 , .......
ORAHING,NUHBER: VL-70-O0009_: SS.-A_-O00.'?;,
DIRENSIONS,: ' FULL-SCALE _DEL SCALE
TOTALDATA
Area (Thee) Ftz _13._'_ o. ,_,,,;
Planform - -.....
Sp (Th) .....an eo In _t5 7; _.q_o
• , 'ff .j
Aspec¢ Ratto _i._7_ _ ! .,','p'f
Rate of Taper o._o7 o ,_o?s uH "
Taper Ratio o.Lol_ 0.4o_ ,
SweepBack Angles, degrees
Lead1ng Edge I._,.ooO 4,S.o(_
Tra_ltng Edge 26.2_,9 ;6._Zt_ .
O.Z5-Elemen_ Ltne "z;J.]_o i,: _t_
Chords: Inches
RO0¢(Thee) HP _(,_. _ _ 5.,o2
Tip (Thee) HP IoR./_7 2.o'r,]
' -'7% '"HAC '_?._ 3.
FUSeSta. of .25 MAC _u 27.e_o7
H. P. of .Z5 MAC _5._P. ... 12.075
B. L. of .25 MAC o.o o.o
At r_ot] Sect;ton
Leadtng Hedge Ang]e _- Deg 1.o.oo
Tra|11ng Hedge Angle -- Deg ]_.97 _
Leadtng EdgeRadtus, IN 2..0o"
_, Vo'ld Area-,..W2 13.3,7 ,
B1anketed Area .,-pt,_ 17,.67
° 51
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TABLE4o MODELDIMENSIONALDATA(Continued)
I
r
MODELCOmONENT: R5 - R_dd_r ....
GENERALDESCRIPTION: , 2A Confi_watton. _.r Rockwell Llne, V.L 70-000095.
i i i i i _ i ii.,
i
Sea_Le Model = 0.017 ..... _
DRAWIhGNUMBER: VLTO-(X)(X)95 SS-AOC091,92
DIMENSIONS: FULL-SCALE MODELSCALEi
Area _ pt,2 .,.lO_. _ O,o_o,L
Span (equival ent)_ZN 2ol.o ....... 3. _,19 _
Inb'd equivalen£ chord, IN 91.5P,_ }-.71r0
Outb'd equivalent chord, IN 50.833 0.966 {.
Ratio movable surface chord/
total _,urface chord
At Inb'd equiv, chord o.t,oo o.4uo
; At Outb'd equiv, chord 0.1,00 0._o0
SweepBack Angles+ degrees
Leadtng Edge 3/_.8_. _ .3/_. 83
Tatltng Edge 26.2_ 26.2_ 1
• : Htngel tne 3k.83 , _/_.8_
za-
Area Momel_t(Nomal to htnge 1tne}_-!_3 J26.13 ,0.o0_61 , t
Product of ArQa and Nean Chord
t,.
Q
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TABLE4. HODELDIMENSIONALDATA(Continued)
NOUELCOHPONDITI _/ING-MB? T_L_htveiRhtOrbiter ......
GENERALOESCRIPTIONI_orbiter Confleueation _er ftockwell Mnea VL?O-O.__3q]. -...
'NO_ (D|hedrlLTangle is def:Lned_t, t,he :.,,,v,:.*
• ..rrae_ nt e.h_wine at the 7q.'),_'__ .--
element ].tne "
. : : : : _ . proJ_ted _nto a p]ane peP_end.t¢_l_3_tO she FEZ..)
S¢ale Model = 0,019it 4 L I I IL I i J J-- _ _m
rESTNO. DHG.NO.Vh?O-O00093
DI.HENSIONS; FULL,SCALE NOOE___L."_a. '
TOTALDATA
A_a CThec.) Ft?-
P_anforza 269o.0 _. ,_.
Aspe:_.Rat,_o 2.20_ 2 ..,,
Rate o_ Tape_ I.]_77_ _. -';;"'"
Taper Ratio [ 0;200 "--b'_...;_""Dthedral Angle, degrees : _,5Oo "l " __-- "
Incidence Angle, degrees
• _ 000: AerodynamicTwist, degeeu ; +3.ooo , _: ,
SweepBack Angles, degrees ! ' '
head4ngEdge ! /,5.000 &5.c_o
Tra411ng Edge --_u,m_ ---_
0,25 Element L4ne "_T209"". l _ ;m_9
Chords:_-.INRoot.{Theo) B,P,O.O, 689.2_ _'. ,.
Tip. (Theo) B.P. _ --_6 ......
_¢ _ 9,0_
Fus, Sta, of ,25 MAC _ _._'_; IN
_,P. of ,25 XAC 279,_ "'T_,%---
EXPCSE_3_TA
_0 ) Ft;z 1752.29 O._:.:
Aspe._:Ratio 2.O58_
• Cho_
_o0¢,BPI08 562.__u
Ttp 1,00 b
,v,kC 393.03 _:1__
Fus. Sta, of ,2S MAC I185.31 _ 2- _',"
,_m_4wqualm_
W.P. of ,25 MAC 300:20 5.7J,.
B.Lo of ,Z5 MAC _51.76 ':
Airfoil Section(Rock_e_1I_ IIASA)XXXX-64
_/e _Roo_b - 0.&25 0.10 0._0
• .0.!2 0.12¢/e _Ttp _ 1,00 ,
Detl for (1) of (2) Stdes '
Leading EdgeCuff
i' Planl'orm_rel F¢* _ l nr¢-_
i ' Leading Edge |nterse¢l;$ Fu$ M' L., Stt _
Leading Edge Ifll_rleCllt Ntng O St4
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TABLE4. MODELDIMENSIONALDATA(Continued)
MODELCOMPONENT: _8 - EZevon ..... I"
GENERAL-DESCRIPTION:2A Confi_&tton Per W-_? RockwellLines VL70-0C.009.3
._.t.afor (1) of _2)S_e,.......
, , • , ,, •
ScaleModel =, 0.019
DRAMINGNUNBE__: VL70-000093;SS-A-00092
DIMENSIONS: FULL-SCALE MODELSCALE
Area _ 1_..2 20_. _2 _ 0.0742 .
Span (equtvalent)_in. 353.3A . 6.71_
Inb'd equivalent chord (B.P.llS.0in),in Ii_.78 2.181
Outb'd equivalent chord (B.P.A68.3£n),in,. 55.07 , 1.045 ..........
Ratio movable surface chord/
tota] surface chord
At Inb'd equtv, chord 0.2o8 0.208
At Outb'd equiv, chord o.4oo o._oo
SweepBack Angles, degrees
Leading Edge 0.00 o.0o
Tatl_ng Edge -10.24 -io._
Htngel|ne (Xom1387" K • ) 0.00 .0.00
Area Noment (Nomal to htnge 1the) Ft3 it548.o7 0.01062
Product of Area Moment
NOTE: The elevonpanel conslctsof an InBD and OutBD segment. The
split line dividingthe segmentsis at B.P.281 inches full
scale (B.P.5.339 inchesModel Scale)
...... 00000001-TSE03
TABLE4. MODELDIMENSIONALDATA(Continued)
I
oo_]WT, ze _r_._tti_ st_
O_itIPl_W: T_sneition Ip'it strips used _ J0G_ 9x7 _ tuaneL
le_crol_uKle _ers used to lake pit _,rlp. )i_1"obu_
c_aetor ecFuL1s 0.0091. inehes.
I(cdel SeLI._ -, 0.010
LO_TIWS: (g/wmslons ticde]. Scale)
SIM: 1.0_,_ehes aft of nose (0.125" wide st,x_Ip)
m)HT:I.5 inches aft of nose (0.125" wide _z_p)
W]NO: 0.5 inches perpenc_eul_ to wine leacLt_ ec_e
(0.125"_d.de _t_.p)
VITICAL TAIL: 0.25 inches l:_'_a_ to ta_
edge(o.125._e _z,_.p)
0RB_IR DoDr: 0.75 inches a._._l_ nose (0.125" vide Str_.p)
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TABLE4. HOOELUIHENSIONALDATA(ContinuerI)
IIODELCOHItONENT: Si,.- Booster So.I:LdRocket.Hot.or
GENERALOESCRIPTION: _o.ter Solid Rocket Motor
I I I HI ii I i iii I II
9od_"of revolution ................
Dat,a for 1 ot_ 2 s:Ldea
I I ! i1| II II J I
Model Scale- 0.019
li l I _ Ul I In l n • nl nmll i
ommz.._umut: vL-?2-oo_,,, vz,-?.7.._oo_6
OIHENSION,S,: FULL-S.CALE HOOELSCALE
Length (Zncludes Hoz=le), _ 17_1.0 , 33.080 ,
Max.Width (_ _a.), z, _,2..o .2,.69s
flax. Depth(A_, Shroud),DI .205.9 3._._ ....
Ftneness Ratto , 8._9268 ..8._9208
Area , Pt2
• M_. Cross-SeCtional 229.21 O.08,7/_,
Planfom ............................... , - ,_
Me_d - -lira i i iii
Base - -ii I I , am=roD
w.P. ot seamCentez'Zi.e,(_), _ _.o 7.6oo ....
r'.,_, of ]_(..Soao (Xt),, .IN 7/.,3.0 . lh.ll?
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TABLE4. HODELDIHENSIONALDATA(Continued)
I NOOEL¢OI_I_NT: sQSoom_erSo_La,_=kot leCor ......
_[NERALDESCRIPTION: S_mo a= $8 _.1_4 exc,ep t.he a_, shroud=bkvl l_on
z_noved.. Body o_ =evolution i dJta foF 1 of 2 82de8..
i • i ,l• i i •
.... Model Scslo _ 0,..0_ ........
": DIU_ZI_ lUqSE.R: VL'/2_88 i VLT"/-Op(X)_6
DIll,,I_IONS: ,RILL..SC41.E HOO.EL$C_,.E
. Length(_=l=te= =o==zo),i=..Z?_.o ;5_.oso
. Hu. Width (_er), in. _k2.Q 2..6_8
rtmmesshtto _ .;1.2.26l.
Area, _.2
MM. Cross-Sectlenal 109.978 0.397
Pla_'B
W.P. ot SI_ cexCor3_L_., Z?, ia. . AO0.O 7,600 ....
v
x,.s. or s_ m,, xT, _. _
?
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TABLE4. NODELDIHENSIONALDATA(Concluded) i
I
moa ....... II
GENERALDESCRIPTION: Exteena/ OxygenH_h'og_n Tax_
II I I
Co_Itj:uz'_tion to which the Orbiter and the _o Solld Rocket Motors attach
Igi II i I I I i I I i _
of _v_:l.on .......
Model,.Sca/e : 0.,019 .......... :
DRAWINGNUI_ER: vD..7o..ooo_e8VL-7_.O000_I.
l il I t I I
DZHENSIONS: ,FULL.SCALE. .OPEL S.CALE
:"- Length, _ (I_ose@ _ : 309.0) i_5:0 3_./,35
Hax.Wldth (_.1, ]] _ .6.1_6
Max.Depth - -
FinenessRatio 5.75617 5.7562.7I I
Ar__ _2
Hal. Cross-Sect|onlll _572.56 0.2067
Planform -
Vetted , - _ , 4ID
\ . hse - -: , ,, , =| !
e
t
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00000001-TSEO8
_ozzle Pltcb Plane
1 I'
/
Line
Perpendicular
to Orbiter
Water 2 ...
/
I. : Upper MPS Nozzle
Oimbal Point
2.: Bottom-Left MP_
Nozzle Oimtal Point
3. : Bottom._ignt MPS
Nozzle Slmtal Point
_o I
00000001-TSE09
Fibre lc. Nozzle Gimbal An_le Defined
I
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O0000001-TSE] 1
I..i
O0000001-TSE12
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I
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I
n
00000001-TSE13
,_ o _ - _ _ '_ _ Q
00000001 -TSE 14
t265.00 in.
220.00 _n.
I• °*
I •
00000001-TSF02
1
_ozzl, /(9
• y/4
I /_" !
t
i!
I
1
I. l
I1-.
:.,<
1,4
][.-_-._ I_ORNARDOF EXIT PLA_ --X -- C
_9
_0_RB-i.A'I;C
XT1 2.0192
rTl 0.2931
_o 0.2003
xo 2.1178
ro 0.4675
RoI 0.2003
XoI 2.1178
ro I • O.467S
r* 0.2672
)IT2 2._239
rT2 0.2977
Xo2 2.4231
1"o2 -0.0212
lto 2 . , O.3759
rp O. 3547
(_)
(Hick KoI. 0,90 _.250 1.55,'2,0: 3.
r
P/_e 2. - Continued.
00000001-TSF03
X r
.. 0 0.8619 EXIT PLANE
0,0293 0.8579
0.0899 0,8495 i
0.1571 0.8398
i 0.2314 0.82860.2699 3.8226
: 0.3565 0.B085
_: 0,4392 0.794377
f_ 0,4924 0.7847
!! 0.5609 0.7720 NOTE: DII'_;NSION8 HODEL
0.5991 0.76_6 SCA_ INOIES
0.6416 0.7562
0.6889 0.7466
0.7_13 0.7356
0.7994 0.7230
0.8549 0,7105
0.9087 0,6980
0.9434 0.6896
0.9886 0.6785
1.0466 0.6634
1.0789 0.6553
1.1147 0.6457
1.1547 0.6347
1.1987 0.6222
1.2553 0.6056
1.3090 0.5893
1.3441 0.5782
1.3886 0.5639
1.4414 0.5462
1.5069 0.5233
1.5457 0.5091
1.5815 10.4957
1.6365 '0.4744
1.6992 ' 0.4488
1.7519 10.4263
, 1,7906 :0.6090
1.8475 ,0.3825
1.9189 ;0.3472
1.9360 0.3384
1.9907 0.3091
2.0192 0.2931 END OF OU-I-ABC CONTOUR
(g) Co_cluded
Figure 2. - Continued.
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t)_onl, _.1 ':
e
-,3,-.-
A/A* = ii.0 _p
X'0
"" m--
N. 1, N
R Hath #(_s. 11.:_5 & 2.0 Hath Nos. 3.0 & 3.5
°2 S_-2.-Asc_-L.R S_-_-_CD-LR
r* 0.5 In. 0.5 In.
_e 1.672 In. 1.672 In.
eN 20.0 Deg. 23.0 Deg.
eD_ 20.0 Des. 23.0 Deg.
to2 X 2 Ro 1.0 In. 1.0 In.rc 0.5603 In. 0.5795 In.
XC 0.3420 In. 0.3900 In.
eUS 15.0 Deg. 15.0 Deg.
r_ 0.5341 In. 0.534 In.
X_ -0.2588 In. -0.2588 In.
NOTE= DJ_ens£ons Xo2 -1.2039 In. -1.2039 In.
Hodel Scale
to2 -2.9931 In. -2.9931 In.
Ro2 3.6516 In. 3.6516 In.
rp 0.6585 In. 0.6585 In.
LN 3.3964 In. 2.9645 In.
(h) DESZG_ZNFO_ATZO_,FORSmf-2-ABCD.-_
_m .S,_I-a-ABC])-.__OZZL_CgNTOURS
Figure 2. - Continued.
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(i) BASICJiOZZ_ _SIO_IS
_lgure 2. - Continued.
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00000001-TSF06
(J) V£RTtCAL TAIL.
I"Fibre 2. - Continued.
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00000001-TSF07
I00000001-TSFO8
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00000001-TSF11
!(=) ('o<_tl_L_: oF A'r'rkcv,,AND hN61.,P.
OF-LIM£,I, DI_NC, E ('L) OEF/,N,,EI_
Figure 3.
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(TOP VI_) _r
r_.
Rudder Deflection Angle (6_).Defined...........
___ _e
(b) Elevon Deflectt_nAnsle (6e) Defined
Fi_re 3. - Con%Inued.
f
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00000001-TS1_'13
" G,,,,&,/ Y,,,,,(_v)A,,/_ z)or,,_d
Figure 3. - Continued.
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Yist_re 3. - Concluded.
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• TABULATED SOURCE DATA - FORCE
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Plotted data listings are available on request
•i' I from Data Management Services.
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